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Preliminary Report

‘The Prediction of Doctorate Attainment in
Psychology, Mathematics and Chemistry ’ :

Abstract

The GR}:. Board-sponsored progecﬂ utilized data from the National
Science Foundation Fellowship applicant records and the NRC Office of
Scientific Personnel Doctorate Records File to evaluate the potential
of GRE Aptitude and Advanced Tests as predictors of whether or not the
candidate attained the doctorate within a period of from seven to ten
years. In addition, the study sought to determine whether there were
particular subgroups within each field as described by variables such
as age, ''quality" of the institution or graduate department, for whlch
the GRE tests have varylng degrees of predlctlve accuracy.

Sample sizes ranging from 643 to 779 were obtamed for the three
fields and divided into two samples so ‘that cross-validation could be
performed.

The results of the study by field are summarized as follows:

Psychology - Of the predictor tests the GRE Advanced Psychology
Test had the most consistent relationship with the criterion. Under-
graduate GPA had a surprisingly low predictive validity with Ph.D.
attainment. Sex had a strong relationship to the criterion; women
‘were less likely to attain the doctorate in psychology than men.

Age level provided a basis for defining more and less predictable
groups. A "U" shaped relationship existed with younger and older
groups being more pred:l.ctable than the middle or 25- and .26-year

old applicants. There is a slight tendency for students attending
"lower quality" psychology departments, as defined bv Cartte1 (1964)
to be more predictable.

Mathematics - The criterion was generally more predictable for
mathematics than for psychology. The GRE Advanced Mathematics Test
was the single best predictor with correlations of .38 and .44 for
the two samples. GRE Verbal and Quantitative followed in order of
magnitude. It may be thar the successful completion of the Ph.D.
Program in mathematics depends upon the assimilation of a relatively
structured body of knowledge which in turn leads to more accurate
assessment of any one individual. There was little or no consistently
different prediction for groups defined by ag> or by departmental
quality indices. When age and departmental quality were combined,
however, the young who attend 'lower quality" departments appear to
be more predictable than the remaining groups.




Chemistry - The validity coefficients for chemistry were similar
in level and pattern to those of mathematics. Again, the GRE Advanced
Test was the single best predictor.in both samples. Correlations of
GRE Verbal and Quantitative, while lower than for mathematics, were
still Teasonably strong. Age, when included as a predictor,added signi-
ficantly to the prediction, contrary to the case in psychology and
-mathematics. There was little or no consistently different prediction
for subgroups based on age, ''quality" indices or both together.
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Introduc tioh

Researchers seeking to demonstrate the validity of test scores
for predicting graduate school performance have encountered a number

.of operational as well as logical difficultles. Reilly (1971) lists

three major difficulties. These are: (1) e small samples usually
available which in turn lead to unstable estimates of the parameters,

' (2) homogeneity of the sample itself due to previous selection with

respect to ability and-.achievement variables, and (3) the establish—
ment of an adequate criterion. Graduate grade point average (GPA),
while being the more accessible criterion, has also been the most
severely criticized. Lann‘tolm et al, (1968) probably levels the
most valid and serious critik ism of GPA when he concludes that it
represents only a limited aspect of graduate school performance.

It is also subject to an understandable unwill:l.ng'less on the part of
faculty to discriminate among in viduals all of whom are membars of .-

a highly selected population.

course, would be some measure of
Aside from the logical diffi~

The most desirable criterion, o
achievement as a scholar or scientist.

_ culties in arriving at any: sort of agre\oment as to what is" a relevant

measure of scientific achievement, we are faced with the operational o e
problem of time lapse which must occur before such data can be

collected. - An alternative criterion of a more intermediate nature is
‘'whether or not one has attained his or her doctorate within a reason-

able period of time. ~Attainment versus non-attainment of the doctorate
is appealing on logical grounds since: (1) it is one test of the
effectiveness of the overall selection process, i.e., the decision

to admit a student to graduate education or to admit him to candidacy
for a higher degree implies an expectation that his formal graduate
education will be completed. The attainment of the doctorate degree

is the primary indicator that such an expectation has been fulfilled;
and (2) more often than not attainment of the doctorate is a neces-
sary pre-requisite to gaining entry into the scientific-academic arer.a.




From an operational viewpoint doctorate attainment is readily quanti-
fiable, and, of course requires less time to mature than "on-tha-job"
measures of effectiveness. One criticism, however, is that it lacks
sensitivity in the sense that it cannot take into account the various
qualitative levels of performance among individuals attaining or not
attaining the Ph.D. = Although the latter criticism may well be valid,
it was felt that the ease of quantification, and availability were
~sufficiently compelling reasons for its use in this study. It was
also felt that if it was sufficiently" lacking in sensitivity, this in
turn would be reflected in the relatlve level of its predlctablllty

The immediate focus of ‘this research prOJect was to evaluate tha
potential of GRE aptitude and advanced tests as predictors of a di-
chotomous criterion of whether or not the candidate attained the
doctorate within a specified length of time. More specifically, the
project attempted to: (1) define subgroups for which the GRE tests -
have varying degrees of predictive accuracy, and (2) prov1de bio-
graphical proflles of each of these subgroups..

Methodology -

! Approximately 1,000 National Science Foundation (NSF) applicant
records were collected within each: of the areas of Psychology.
Chemistry and Mathematics from the merging of the National ‘Research
Council Office of Sc1entif1c Personnel (OSP), Doctorate Records File,.
 and the National Science Foundation Fellowship applicant file.

" These file records indicated time to Ph.D. for all thcse who attain
" the Ph.D. Additional biographical information available in the

Doctorate Records File and on the OSP tape included sex, age,

marital status, number of dependents, number of NSF applications

~ made and awards received. The OSP records also provided Office of

~Education Codes for the institution each applicant had chosen for
graduate study. o - ' -

Predlctor information available from the OSP records included the
_GRE. test scores, verbal, quantitative and advanced as well as under-
graduate grade point average and reference reéport average. The refer-
ence report average (Harmon, 1966) was a quantification of an overall
rating of the refersnce letters submitted on behalf 5f an NSF applicant.

The criterion of doctorate attainment required a judgment to be
made concerning the time lapse to be allowed before assigning an indi-
vidual tc the attainment versus non-attainment category. It is, of
course, rare that one completes a doctorate within three years after

M S § T e e e e




the baccalaureate In the science fields the mean time lapse is ap-
proximately eight years (Creager, 1965), ‘with greater deviations above
the mean than below. If time were allowed for almost everyone to

- complete a doctorate, the study might well suffer on both operational
and rational grounds. That is, not only would more of the people
attaining doctorates have more time out and extensive study time (thus
complicating the interpretation), but more persons of low measured
ability would have achieved a doctorate under possibly lower standards
of dissertation and course quality. From the viewpoint of efficient use
of resources as well as cost of graduate education, it would seem to be
desirable to select those individuals capable of successfully finishing
the program in a reasonable amount of time: Conversely, too short a .
time: lapse would eliminate many high quality people, possibly those
very able persons who take on more ambitious dissertation proJects
and/or more difficult course offerings

These considerations lead for criteri0n definition purposes, to
setting limited cutoff times for doctorate completion. The doctorate
completion cutoff was June, 1968. Since most of the subjects included
applied for first-year fellowships in 1958-1961, they had 7 to 10 years

“from fellowship application time to attain the: doctorate. .

. Cartter's (1964) report on the quality of graduate departments
furnished the quality indices which were then assigned to each, candi-
date according to the ranking of the department which he attended. ,
Additional institutional juality information was also collected from.
an Office of Education tape which included such information as: (1)
proportion of. faculty with doctorate, (2) per student expenditure,

: (3) number of books in the library, (4) income per student, and (5)
student/faculty ratios. These particular "quality indices" suffer
from the fact that they apply to the total institution and thus are
not necessarily an accurate picture of the graduate: school or more

specifically the graduate department itself

Within each major field the sample was split into two random
halves for validation and cross-validation purposes; that is, any
relationships found in the validation sample could then: ‘be examined
on the second sample (cross-validation sample) to see if the find~
ings were indeed replicable. The data were then analyzed using the
moderated regression technique (Rock, et al, 1972). This technique
not only furnishes the researcher with the usual multiple prediction
validity information, but also provides a systematic means of search~
ing for consistent biographical patterns associated with '"types" of
individuals who, in turn, may be characterized by varying levels of

,




predictability. For example, this typ° of analysis enables one to

~determine if any one subgroup such as older NSF' applicants may be more
or less predictable than the younger ones. If° the moderated regression
technique were used with two possible classification variables such as

age and department quality index, it might, for example, identify a
group of older individuals attending lower quality graduate depart-
ments who are unpredictable with respect to Ph.D. attainment when

' GRE: test scores were used as predictors. Since this technique re—
quires complete information, the sample sizes were reduced to 7792
845, and 643 for Psychology, Mathematics and: Chemistry, respectively

Potential moderators which were analyzed with respect to their
impact on accuracy of prediction were age, sex, marital status, uni~
versity quality indices, and graduate department quality indices.
Students attending the same institution were assigned that parti-
cular institution's quality ratings as well as department rating.

Results and Discussion
Psychology

Among the predictor tests, :the GRE Advanced Psychology Test
appears to have the moat consistent relationship with the criterion
when considered across both samples. Undergraduate grade point
average had a surprisingly low predictive validity with respect to
~ Ph.D. attainment. Sex proved to be a good predictor of Ph.D. at-

tainment. 'As indicated in Table 1, sex has the highest single vari- ,

. able correlation with the criterion (-.45 in Sample 1, and -.34 in
Sample 2) among all the potential predictors or moderators. The _
negative sign indicated ‘that women are less likely than men to at-.

tain the doctorate in Psychology. - Further inspection of Table 1
“indicates that the GRE Verbal and Quantitative, one college quality

 index (department rating),‘reference average, and number -of ‘NSF-

. applications have consistent (non-zero) relationships in both

samples with the criterion. The department rating s relationship

" with the criterion carries a negative sign, since the quality code

indices range from 1-4 with one signifying the ‘highest quality and

aAnalyses in Psychology were based on a total of 930 observa-
tions when department quality indices were not part of the analysis.
This was due to the fact that a substantial number of cases had to be
dropped when the quality indices were included. '
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four the poorest quality. The remaining institution quality indices
appear to be too general and thus do not necessarily reflect the
quality of the Psychology departments. The correlations between the
department rating and the college quality indices range from a low of
~.13 for percentage of faculty with the Ph.D., to a high of -.51 with
income per student, indicating a large proportion of the variation in
the department ratlng is not accounted for by the more general college
indlces. : » : ' '

The relatively high correlation between the number of NS¥ appli-
cations made and Ph.D. attainment is somewhat artifactual, since a
large percentage of the NSF appllcants in this study were required to
reapply for their grant avery year. Many of those students who did
not reapply may have. either dropped out of the program or possibly
- felt that their past performance record would not be supportive of
a grant extension. Thus, applications made may be considered an
intermediate progress report on the way to the Ph.D. in Psychology

' See Appendix A for list of variable deflnltlons.

0Of the blographlcal data for the Psychology students, only age
level led to a consistent pattern of differential predictability, :
that is, the pattern from Sample 1 was replicated in Sauxéle 2. It o S
is interesting to note that there is a "U" shaped relationship be-
tween age and predictability. That is, the relatively young and the
relatively older groups were considerably more predictable than the
75~ and 26-~year old applicants. ° Although the oldest group was the
most predictable, they had the smallest probability of getting the -
doctorate. - That is, while almost 50% of each of the remaining age
groups did obtain the doctorate within the specified time, only
28% of the older group did likewise. The mean on the predictor scores
‘for the various age groups indicated that both the older and the . '
“"middle" age groups had similar means, both of which are consistently
 lower than the youngest group. Thus the "middle" age group (25- and
26-year olds) consistently produce a‘'greater proportion of graduates .
than either the younger or the older groups. Since the "middle" age
- . group tends to have lower predlctor scores on the average, yet pos—
sesses the highest  level of Ph.D. attainment, they are generally
under-predlcted if the usual prediction equation were used. ' Thus
they are =!ist is commonly referred to as over-achievers in the psy-
chometric literature.

It may well be that the 23~ and 26-year olds have overcome their
somewhat mediocre ability-achievement credentials by a higher level
. of motivation and consequently have a higher rate of Ph.D. attain-
ment. Unfortunately, we do not have the data to determine what, if

. 9




- any, other age—related characteristics are operating here. These
findings of differential predictive accuracy, as well as possible
“motivational differences point out the need for more biogrephical
information about graduate applicants, if we are to understand -
and/or infer the causal pattern underlying their difterenLial per-
formance.

As in the case of the biographical variables, only one quality
index led to a replicable pattern of differential predictability.
‘That is, there is a slight but seemingly consiistent tendency for
students attending "lower quality" Psycholugy departments to be mora
'predictable. This result certainly comes as no surprise, since the

so-called "higher quality" schools are more selective of applicants
with respect to the GRE test scores and thus sttainment of the Ph. D.
is likely to depend on some unmeasured qualitﬂ. It is, however,
interesting to note that at the "lowe. quality" Psychology depart-
ments, the probability of obtaining the Ph.D. is c0nsistentlv less
than at the "higher quality" departments.

When grouping of students was done on both age: and department
quality index, the pattern of predictability is less clear-cut.
There remained a tendency for the older students attending 'lower
quality" institations to be more predictable. In this four-way
break-out, the sample sizes are rather small and the resulting in-
 stability of the parameter estimates makes any further interpreta—

tions of these results rather tenuous. .

In order to determine the utility of age and departmental
quality as potential predictors, they were incorporated into pre-
diction equations. along with the usual predictors. In no form did
they consistently lead to an increment in prediction over the
original five predictors (GRE-verbal, quantitative,'advanced UGGPA ‘ e
and reference report average) :

It would appear thatfor NSF. applicants in Psychology, the
utility of age information lies primarily in. separating out those
individuals for which: (1) we have varying degrees of confidence
in their predicted or expected achievement, in this case Ph.D.
attainment, and (2) motivational levels may differ.

The results also suggest that where there was differential pre-~
diction, the overall equation used within the groupe was not notice-
ably inferior to the unique group equation with respect to predictive




accuracy. This suggests that different weightings of the samr predic-
tive wariables for different types of people (older versns vounger, etc.)
does not avp:ai to he the auswer. That is, some individuals seemzd to-
be more or Jgms. predictable regardless of whether you use overall
weights or their own unique weights. It is possible that entirely

di fferent predictor measurzs must be dewveloped for the "unpredictable'
people. Thia, of course, is beyond the scope of this etudy :

Mathematics Co

Table 2 presents the single variable validlty coefficients for the
predictors ‘and potential moderators of grouping variablés. In general
it appears that the criterion of Ph.D. attainment in Mathematics is
considerably more predictable from achievement-zpiitude measures than
was found to be the case in Psychology. Of particular interest in Table
2 are the correlations of .38 and .44 for the Advanced Mathematics Test
against the critericn for Sample 1 and 2, respectively. The GRE verbal -
and quantitative as well as undergraduate grade point. average have.
respectable although lower relationships with the criterion. Institu-
tional quality indices such as income/student, student/faculty, ‘and
departmental quality index, also demonstrate stronger relatlonshlps
with Ph.D. attainment in Mathematics. It may well be that the success~
ful completlon cf thé Ph.D. program in Mathematics depcnds upon the
assimilation of a relatively structured body of knowledgt which in turn
leads to more accurate assessments. of any one indlvidual s standing
with respect to this body of knowledge.

"The multiple corlelation between the five prelictors (GRL verba;,
quantitative, advanced, reference reports and undergraduate grade
point average) and Ph.D. attainment is a quite respectable .40 in
Sample 1 and cross-validates to a surprising .44 in Sample 2 indicat- °
ing relatively accurate prediction. Unlike Pbychologv, there was
little or no consistent differential prediction by #ge g¥zup. It was
also found that the older the NSF applicant, the less likely ‘he is to-
attain his doctorate within the cutoff time of this study. ‘As in Psy-
chology, the "middle" and "older" NSF applicants had similar aptitude~
‘achievement test scores, and when considered as a whole, had consistently
lower test scores than the younger candlﬂates. The one exception to the
above findings was the advanced test where the -"older'" NSF. candidates
were not only lower than the younger candidates, but were also one-half
a standard deviation below the "middle" age candidates.

When groups of applicants were formed based on departmental quality
indices Of the institutions which they attended, no consistent pattern
of differential predictability was found. However, when groups were
formed based on both department quality index and age, the young who
attend "lower quality' departments appear to be characterized by greater
predictability than the remaining groups. In genzral, the mean ability-
achievem2nt scores for this group was below that of both the 'igh
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quality" young and the '"high quality’’ old but slightly above those of

the low quality" old group. Because the"low quality" young group-size

is so small, any further interpretation is probably unwarranted. As

one might also expect, the findings indicated that the young applicants
who attend institutions with "high quality" departments are much more
likely to attain the doctorate than are the older NSF candidates who
attend institutions characterized by ''low quality' Mathematics depart-
ments. When age was included as a predictor, no increment was found in
predictive accuracy above that which resulted from the use of tiie original
five predictors.

Chemistry

The single variable validity coefficients for the chemistry measures
are similar both in level and pattern to those of the Mathematics NSF
applicants. As in Mathematics, the GRE ‘Advanced Test is the one best
predictor in both samples. However, among the Chemistry NSF applicants'
undergraduate average, reference report average, and age demons trate
somewhat higher relationships with Ph.D. attainment than do their
counterparts for the Mathematics applicants. In general, the level of
correlations found in Chemistry yield additioral support for the
hypothesis that the so-called "hard sciences" may provide a more
measurable domain with respect to criteria of success as well as
measures of past achievements or aptitudes. It is also quite pos-
sible that it is easier to specify the necessary skills which are
prerequisite to success (Ph.D. attainment in this case) in the "hard
sciences."

As in the case of Mathematics, differential predictability by age
groups was not found. Prediction for Sample i is relatively strong
considering the somewhat restricted nature of the?NSF applicant sample.
Surprisingly enough the cross-validated multiple correlations increased
from .39 in Sample 1 to .53 in Sample 2.

A considerably larger proportion of the NSF applicants in Chemistry
do attain the Ph.D. than in Psychology and Mathematics NSF applicants.

As in Mathematics, when groups were formed based on the rated
"quality" of their Chemistry departments, there was little or no con-
sistent differential prediction across groups. When groups were formed
on both age and quality indices, still no consistent pattern of dif-
ferential predictive accuracy was evident. It appears that in the two
"hard science" areas of Mathematics and Chemistry, the assimilation of
knowledge in their particular area as measured by the advanced section
of GRE is the one best predictor of Ph.D. attainment regardless of age
group membership or quality of the institution of attendance.
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Age was included as a predictor and unlike Mathematics or Psy-
chology, it did add significantly to the prediction. It was the second
variable after the GRE advanced section to enter the equation. In an
effort to gain some “nsight into this relationship, the correlation
between age and whether or not the student attended on a part-time basis
was examined. This correlation was effectively zero (.02). Thus, the
"older" students in Chemistry are no more likely to attend on a part-
time basis than the other age groups.

The significant partial regression weight associated with age in-
dicates that after the ability-achievement variables were controlled,
there remained a significant amount of variance in age which was re-
lated to Ph.D. attainment. It would appear that additional biographical
information might prove helpful in untangling this relationship.

Conclusions

It was found that the GRE advanced tests were consistently the
best predictors of a criterion of Ph.D. attainment. However, the pre-
dictive accuracy of the GRE advanced test varied considerably across
graduate fields and in one case within a graduate field. That is,
prediction on the whole vas considerably more accurate in the "hard
science" graduate areas of Mathematics and Chemistry than in Psychology.
Within the psychology area there¢ was a "U" shaped relationship between
predictability and age. That is, the total sample prediction equation
led to greater predictive accuracy for the "younger" and the "older"
age groups. The "middle” age group was not only less predictable, but
the errors in prediction tend to lead to underestimation of their
actual rate of Ph.D. attainment. Thus, the 'middle" age group was
characterized by over-achievement.

Dr. Harmon participated in this project as a consultant to Educational
Testing Service, not as a representative of the National Research
Council.
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Criterion

Sex

No. of Books
Income/Studeats
Students/Faculty
Percent with Ph.D.
Departmental Ratings

GRE V, Q, and
Advanced

Undergraduate Grade
Point Average
(UPGA)

Reference Average

Applications Made

APPENDIX A

Variable Definition

Coded a 2 if Ph.D. received; a 1 if not received
Coded 2 for women; a 1 for men

Decile rating with 10 highest

On a four-point scale with 1 highest, 4 lowest

Two~digAt GRE score with third digst of GRE score
dropped

On a four-point scale multiplied by 100

Zero to six multiplied by ten

Count of number of applicants




